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ABSTRACT

3-17--J"

A program has been written in the SHARE 709 system (SOS) for the

IBM 7090 computer to calculate all intermodulation products up to and in-

cluding sixth order for any number of input frequencies and bandwidths

consistent with core storage limitations. Interfering products are written

out using OUTRAN as they are calculated and detected.



PROGRAM OUTLINE

,w

Purpose

The purpose of the program is to calculate all intermodulation

products up to and including sixth order for any number of transmitting

frequencies and receiver bandwidths and to detect and write out interfering

products, i.e., those falling within the receiver bandwidths.

Re strictions

A. IB monitor SOS must be used. Program transfers to monitor

(location 1608 ) when finished.

B. Input frequencies must be fixed-point (decimal) integers up

to four si3nificant figures. (Program may be modified to go to eight

significant figures. )

C. If the maximum order of product desired is less than six,

two instructions should be inserted just after the total for that section is

written out, i,e., just ahead of the section to compute products of the

next higher order. They are, simply,

WEFA 3

TRA I12

Method

fl' fz'

Denote by f. any one of a set of N transmitter frequencies
3i

.... fN" Then we compute the pth order intermodulation products

by means of the formula
P

Fp = f. + )_ (+fji)Jl ii2
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where 1 --< Ji <- Ji+l <- N for i = 1, 2 .... , P. The double sign of f.ji is

intended to indicate that a value of Fp is computed using first (+f.) and then
Ji

(-fji) while all other terms in the sum arejheld fixed. There is a separate

section of the program for each value of P. Note that the f. may be
_o

J

arranged in any desired order in the set fl' .... fN"

Two examples should make this formulation more meaningful and

should also serve to illustrate the method used by the program in covering

all possible combinations without repetitions.

(1) Let N = Z, P = 3. Then the following sums are formed in the

order indicated:

fl ± fl ± f!

fl ± f2 + f2

f2 ± f2 "¢"f2

(2) Let T = 3, N = 3. We have

fl • fl ± fl

fl ± fl ± fz

fl ± fl ± f3

fl ± f2 ± fz

fl ± fz ± f3

fl ± f3 ± f3

f2 ± fz ± fz

fz ± fz ± f3

fz ± f3 ± f3

f3 ± f3 ± f3
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i

The sign-changing procedure for a given set of P frequency values

can be illustrated by considering the case fl ± f2 ± f3 _= f4" Computed in

the order indicated are

(i) fl e f2 e f3 ÷ f4 (5) fl f2 + f3 + f4

(2) fl + fz + f3 f4 (6) fl fg + f3 - f4

(3) fl + f2 f3 + f4 (7) fl fg - f3 + f4

(4) fl + fz - f3 f4 (8) fl - fz - f3 - f4

Two tests must be met by a value of Fp

out as an interfering intermodulation product.

in order that it be printed

(a) Fp must fall within one of the receiver bandwidths.

(b) Fp must be non-redundant (in a sense which will now be defined).

We define a redundancy to be the occurrence for some P of a

value of F which reduces trivially to a case which has already resulted

at some lower value of P,

the same as fl

Usage

e.g., fl + f2 + f3 + f4 - f4' fifth order, is

+ fz + f3' third order,

A. Data Input - Output

Data are entered by means of ALTER card as follows:

Location Operation Variable Field

FREQ DEC fl' fz' f3 ..... fN

CHEK DEC Llh, Llf, LZ h, Lzf .....

N EQU n 1

CF EQU 2n 2"

MAXP EQU n 3

L 1 BCI , title

LRh' LR_
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Here

fl'

whatever.

.... fN are the transmitter frequencies presented in any order

Note that the values used on the FREQ card are ten times the

actual transmitter values, where the latter are assumed to be given to no

more than one decimal place.

th

Lif are the upper and lower limits of the i receiver

Note that the upper limit must precede the lower limit in

Lih,

bandwidth.

each pair.

n 1

n g

n 3

= total number of transmitter frequencies

= number of receiver frequency bands.

= maximum order of intermodulation product to be calculated,

Output is written on logical tape A-3. Values of component frequencies

which appear are scaled to ten times their actual value,

for input.

B. Space Requirements

Lower memory contains monitor and OUTRANI

at 16000 locations plus FREQ, CHEK.

just as they were

Program begins

i0 and requires 63910

G. Error Halts

Standard OUTRAN error halts,

D. Program Deck

SOS column binary squoze deck with modification package as

described in A.
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7

E. Timing

To calculate and check one product

second order, 0.31 milliseconds

third order, 0.37 milliseconds

fourth order, 0.44 milliseconds

fifth order, 0. 51 milliseconds

sixth order, 0.59 milliseconds

The above times do not include redundancy testing or outputting.

Sample running time. To calculate products for single sets of

N = 18 transmitter frequencies and two receiver frequency bands (CF = 4)

and to write out 180 resultant intermodulation products through fourth

order required a total time of 6.Z minutes. For the same set of inputs,

approximately 15 minutes were required to compute and output all

interfering products through sixth order,
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_ARVEY GRO

1
2
3

6

9
10

!2
13_**

!7
18
19
2_
2]
22
23
24.**
25
26
27
28
29
3_
31
.32***

34
35
36
37
38
39
4_
h I
_2
45
4 4

45
46
47
b8_
h9

51
.52*
5_

ORG
B EQU
C EQU
D E QU
E E QU
F EQU
C F E QI.J
N EQU
MAXP EQU

FREQ BSS
CHEK BSS
Lt P_SS
INITIALIZAT

SETUP LXA
+I IXl

÷2 SXA

+3 SXA

+4 SXA

+5 CLA

ALS ALS
+I STO
+2 TIX

+3 TRA

COMPUTE CNE

C3 LXA
+ I PXD

+2 ADD
+3 TIX

+4 SSP
+5 STO
+6 TRA

TEST TO SEE

EACH C(TE

IN3 LXA
+ I PXL
+2 ADD

÷3 TIX

+4 SUB
_S TZE

INI LXA

16000

A-2

A-3

A-4

A-5

A-6

0

1,0

1,0

10,C

ION FOR ORDER N ***

P,I

*+1, 1, 1
P,I

IN2,1

ALS, 1
II

0,1

TERM2, I
ALS-I,I,I

SUM ***

P,l

PROD

COMP
IF ALL SIGN COMB.

RN2,1)=I ***

P,!

TERM2,1

*-l_l,I
P

1,4

P,I

C2 CLA
4 1 P AX
+2 TNX
+3 PXA
+h STO
+6 TIX
+6 TRA

CtlANGE SIGN OF
CI CLA

+ 1 CHS
+2 STC

R[SET REG
+3

IN2

TERM2,1

,2

CI,2,1

,2

I ERM2, I

C2,1,1

C3

TERM.*

A,1

A,I

IN TERM2 BLOCK.*

CLA Ii

ALS 0, I

11/08162

USED FOR THIS SET OF FIS***
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HARVEY GRO

55 .1
b6 _2
5T +3
58 P
59 ll

, 6_-1 A
O1 TERM2
62 PROD
65 TOTAL
6h NI
65
66 UNIT
67 L2
68 !_5
69 Lh
7_ L5
71 L6
72 [7
75 L.8
(h L9
75 LI_

76* BRING

77 RUA
78 +1
79 +2
80 +_
81 +4
82 +5
83 +6

84 IRA
85 PA

86 BUD
87 _1
88 42

89 +5

90 +h
91 +5

92 +6

93 IfiB
9h _B
95 BUC
90 *1
97 +2
98 +3

99 44

!_0 +5

I_1 +6
1C2 IRC

1_3 NC
1_4 BUD
105 +i
106 +2

107 +3

1C8 +4

ST()

TIX

TRA

PZE

BES

DES

BSS
DEC
DEC

PZE
OCT
BCI

BCI

}_CI

P,CI

BCI

BCI

BCI

£CI

BCI

UP NEW

SXD

LXA

CLA

STO

SXA

LXB

TRA
PZE

PZE

SXD
LXA
CLA
STO
SXA
LXO
TRA
PZE
PZE
SXD
LXA
CLA
STO
SXA
LXD
TRA
PZE
PZE
SXD
LXA
CLA
STC
SXA

11108162

TERM2,I

C2,1,1
CJ

I

MAXP,O

MAXP,O

1,0

1

N

1203

3,1NPUT FREQUENCIES

B,INTERMODULATION PRODUCTS PRODUCED

, THESE COMPONENT FREQUENCIES

S,TOTAL SECOND ORDER PRODUCTS =

5,TOTAL THIRD ORDER PRODUCTS =

5,TOTAL FOURTH ORDER PRODUCTS =

5,TOTAL FIFTH ORDER PRODUCTS =

3,CHECK FREQUENCIES

5,TOTAL SIXTH ORDER PRODUCTS =

VALUES OF FREQUENCY.

IRA,4

IRA,_

FREC+N,4

A-I

IRA,h

IRA,4

1,4

N

IRB,4

IRB,4
FREQ+N,4

B

IRB,4

IRB,4
1,4

N
IRC,h

IRC,4

FREG+N,4

C

IRC,q

IRC,4

l,h

N

IRD,h

IRD,4

FREQ+N,4
D

IRD,h

BY
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i +l#

it+

.+ _'+U

+t5

IIL,

.

I++5

]to, .+

! 2 '3

!.2l

+"22

]23

]2£+
++ ,++

+ 26

|L+

_E._ J,+

+Z :-;

+5 ?+

++ ]

+ J L +

i35

3h
2t L.%

56

i:+_,

+h 2

"h +'-. .+

•.+t;

+-.'_++.b

11+6

+)4-!

i+'+8
] :+9

"-S +_+

+5++

!32

153

_54

_55

_56

_5 z

58

50

+6{+

+5 L X[" I ,_!.i++_4

[:UE .<,X !:, I _E.4

[ 1 *,A [PE_£+

,_2 El A F:++E_, :':+

3 5]0 I:7

*4 S×A _"E _4

++5 t.XD I_+F•, ,4

÷6 TP, A } +4

+ +,E P Z++

[+UF S × f) I '2 F, 1+

÷l. tXfi IRF,_+

+2 '- !..A F k'EC +*F!, 4

+3 <fO F

4 h .+cXA [ i:l::, h,
v ;i+r i XO ] ,',F_J L

+RF PZt
TeST PRO[_UCT FCR ihTE+_f_:P.E,<CE

[i0_'F AXT CF_?

;", ,[._I ,,0_ C:A ::, C-l+i£_++ CF _ 2

+ i ] I,',A +< ._

+ 2 ] R A 6: Ei+J+<

.5 C AR {: .I+;E-K_ C F:.+ I _ 2

+ J _ rtRL REDN

+ 5 ] R ;++ REON

+<; TI:_ L_"P r" > 2

+ [ ] K+,'_ P h5

TE<I` +rP':Tr_FrPrNG,..+,.+..+.,.+ p,<,l,,,t,+]._ ro%
REDN t XA P,

t_.t CLA ,-,_+'[+ [

+ I _r_'+'

-+5 fix +ti,2+ !

i L+ ] P+A ,..+,+++;+'+F6 + + _ L

+-h ': XA _ :-1, |

_-6 A>::T @,2

+7 TP, A i< !

. . +($

UFDATE I-PTAt _OU+.+Fi'U[

{: _-.T 6 C t [: T (.)7 A i+
+ 1 ADD NI

2 --+'t"11 f_ T (-; [ ;' L

+-3 C LA PROD

+-h tEA CCN

_+,:1..:_"+5 t': A ['] '- -'
+6 FDH +u,IDF

. _ I _-- , ,-_..,

+[i S+_++ 22
, "_0 t i ]CFLi+ × I:+PC!'}., !:: _ _. , ,

P T+D U P'+[; A +"+f: Y.

II<]-ERFERIF_C, DRODLiC].
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_ARVEY

162

163

164

165

166

16Z

168

169

170
171-
172

173

174

17S

1i'6

1i'T

1i'8

1i'9

180

181

182
185

184

185

186

187
188
189

190

GRO

+II STL 22

OINT A-1,0,ZO,6

+16 STL 22

OINT B_0,80,6

+20 STL 22

OINT C,0,90,6

+2h STL 22

OINT D,0,100,6

+28 STL 22

OINT E,0,110,6
+32 STL 22

OINT F,0,120,6

+36 STL 22

OSCRIB UNIT,O,22,1

+hO STL 22

OREADY

+h4 STL 22

+h6 TRA IN3

PRINT INITIAL DATA

OUTRAN

START STL 22

CBLANK 132,0,1

+2 STL 22

OSPACE 2,0,0,1

+5 STL 22

OBCW L1,0,20,10

+9 STL 22

CSCRIB UNIT,O,13,1

+13 STL 22

OBLANK 132,0,1

+17 STL 22

OSPACE 2,0,0,1
+20 STL 22

OBCW L2,0,20,3

+24 STL 22

OSCRIB UNIT,O,7,1

+28 STL 22

CREADY

+32 STL 22

+34 AXT N,I

OBLANK 132,0,1

LOOP] STL 22

OSPACE 2_0_0,1
+3 STL 22

OINT FREQ+N,I,29,6

+7 STL 22

OSCRIB UNIT,O_7,]

+11 STL 22

+iS TIX LOOPI,I,I
+16 AXT CF_]

OBLANK 132,0,1
+17 STL 22

OSPACE 2,0,0,1

+20 STL 22

11108162
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'_92

i v5

i_9b

-96

,c_:y

':98

19 o

W_RC

2 kT_.'_.>

212

215

,7_"k_

-' 21_"

21_

;<-i?

22"

225

2Z24

,.'25

226

227"

;,:- ,< F! 22

¢52 SiL 22

L O(;VZ S i 1 22

--_ STI 22

,,t: 22

2_

_- _ _ " TI:, 22

_ iV !IX LC[)P2_TI{

(_it_Al'rY

+ i6 S!L 22

•_ tt'; CTL 2"

_)SPACE 9_F_i " i :
_Z1 S_L 22

c' t:_.f-7.i7 kt/!gl L_. t
Zb %TL 22

tl_[LV [t,, ¢!:_,_¢_.,,_0

f 2 9 _ I _ _ 2

{'.P,FAPY

¢-5 ¢- c TL ,.2"_

45:2 AXi- _,'Bk P, !

.i,4 2 C L #, [ T,

#-:, 5 $1 C I _

÷ ;_l-: ,_SX t;l: TLi?_ 4

C',ZEttO l

+' '- +1 to 22

Lit., _ .',CAt '7_ " _"" "ER ,,"T_-..uLAIE SF.C{)%D _,,..r PROD .

CDL. CL_LATE A_-'_ _.-B

+_-_9 SXA IRAqi

t _'_t T _.'-X i7,U A._ 4

{-t "TS)< gtJ l_t_ i¢
+2 ISX 11LS, h

>3 I..X t, P_ I

+4 i SX AL5=_ _1t
+5 LXA iRB, !

<<_ Tik_, L F i



-ll-

HAR VEY

230
231
232
233
234
235*
256

23(

238

239

240

241

242
24]
244

245.
246
247
248
249
250
251
252
253
254
255
256
25T
258
259
260
261
262
263
264
265
266
207
268
269
270
271

272

273

GRC

+12 STA IRB

+13 LXA IRA,!

+_h TXI *+l,l,-I

+15 SXA IRA,!

+16 TXH LP!,I,O

PRINT TOTAL FOR THIS ORDER.

OZERO

+17 STL 22
OBLANK 13290,1

+2_ STL 22
OBCW L5,0,20,5

+23 STL 22
OINT TOTAL,O,60,5

+27 STL 22
OSCRIB UNITIO,20,l

+3] STL 22

CREADY

+35 STL 22

+5_ STZ TOTAL
+38 TSX SETUPt4

OZERO ]

+39 STL 22
CALCULATE THIRD ORDER PRODUCTS.

+42 AXT N,|
+h3 SXA IRA,]

+44 SXA IRB_I

+h5 SXA IRC, I

LP3 TSX BUA,b

÷l TSX BUB_4
+2 TSX BUCk4

+3 TSX C3_h

+4 LXA P,l
+5 TSX ALS--I_4

÷6 LXA IRC, I

+7 TNX *+3, l,I

+8 SXA IRC, I

+9 TRA LP3

+10 LXA IRB, 1

+II TNX *+4_!,1

+12 SXA IRC,I

+13 SXA IRB_I
+14 TRA LP3

+75 LXA IRA, I

+10 TXI *+191,-I

÷t7 SXA IRA,]
+18 SXA IRB, I
÷19 SXA IRC_I

+20 TXH LP3vl,O

OZERO

+2l STL 22
OBLANK 132,0,l

+24 STL 22

OBCW L6,_,20,5
+27 STL 22

I 1/(_8/62
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°

VE Y

274

275

276

27[
278
2T9

28_I*
2El
2_2
28.3
28.h
285
2P.6
287
276
2_9
29C
291
292
295
29h
295
290
297
29_:
299
30_;

._C2
3,; 5
3,'4
335
5e6
3_7
5 _ 8
3_9

312
513
31h
31.5

316

317

318

3._9

CRC

OINT l'OTAL ,_]_60, 5

+3 I ._,CTL 22

CSCRIB UNIT, C_,2(_tI

+35 STt. 22
(_'..READY

_39 STL 22
+h I STZ TCTAL
+h2 TSX SF:TUP_h

OZERG i
+;¢3 STL 22

!CAI.Cu_ATE FCURTH ORDER
_-h6 AXT N, !

÷bY SXA IRA, 1
+L8 SXA IRB, 1

t-'_.9 SXA IRC, I
45_ SXA I :<L), 1

LPi._ TSX Bi;A, II
._ ! TSX BU_, t_

_2 TSX 8t:C, h-

_3 TSX _Ug:, h
_J_ TSX C_,h

+5 LXA P _ 1
+6 TSX ALS-1 ,b

+t' LXA IRD, l

• 9 SXA !RD, 1
i-10 TRA LPh

+1 1 I. XA I_tC,L

t-t2 TiC× .+_, 1, 1
+ 13 SXA IRD, 1
+lh SXA IR,C, l
,, 15 IRA LPh

16 LXA IP-B, l
.17 TNX * _"-J,1, 1
+18 Sy_" [!_,D,!
+19 SXA l,VC, l_

+2g- S×A IRS, 1
+2 i T,R/_ LP_

,:2. LXA IV.A, 1

+23 !Xl _+l,1,-1
_2h S:<A IRD, 1
+25 SXA I"C,

+26 S>:A IRB_

+27 SXA IRA, t
+28 TXH tPi,, 1,;_

CZER{;
+::9 STI.. 22

CBt. ANK 17:2, ,l
+32 STI 22

CBCW L7,_,20,5
_ zc...,j STL 22

C:INT ]OTAL,O,6D_5
+59 STL 22

CSCRIB L;NIT_/_,21 a, 1

II/gd/62

PRI3DUCTS.
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320

321
322

-. 32

324_
• 325

326
327
328

332
33]
31_2
333
334
.]35
3_6
337
338
339
:540

342
3_3
3h_
345
3z_6
3h7
348
349
35_
]5]
]52
353
35h
355
$56
357
358
3.59
360
3t l

362
363
3 L-h
365
366
367
]68
369

C,PO

+b3 STL 22
(:READY

,47 STL 22
+q9 STZ TCTAtL
.'-5g ISX SETUPs4

CZERO 1

_51 STt. 22
CALCULATE FIFTF CRCER
_54 /_XT N, l

+55 SXA IRA, i
+56 SXA IRB, 1

_57 SXA IRC,I

+58 SXA IRD, l

+59 SXA IRE_ l

L.P5 TSX BUA,_

+I TSX BUB,h

+2 TSX BUC,h
+3 TSX BUO,h

+b, TSX BUE,4

+5 TSX C3,4

_6 LXA P,I

+7 TSX ALS-I,4

{8 LXA IRE, l

',9 TNX *+3_ I, I

+li2 SXA IRE,I

+I | TRA LP5

+12 LXA IRD, l

÷l-_ TNX *+4,1,I

+14 SXA IRE, l

+]b SXA I RI.", 1
+ 16 TRA tP5

+I ( LXA IRC, i
"18 TNX _+5, 1,1

+19 SXA IRE, I

+20 SXA iRD, l

-_21 SXA [RC,I

÷22 TRA I Pb

+23 LXA IRB, l

+2h TNX *+6,1,!

+25 SXA IRE, i
-_26 SXA IRD, l

+21 SXA IRC, 1

+28 SXA IRB, I

+29 TRA LP5
-_3_ [×A IRA, 1

+31 TXI *+1,1,-!
32 SX/_ IRE, I

+33 SXA IRD, 1
+ 3h SXA I RC, l

+35 SX_, IRIS, l

_ ._.*. SX:- IRA, l

+57 TXI LP5,t,_
C ZERO,-

+38 STL 22

IiI_8162

P RO DU CT S.
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37'h_

_F1

372

373

T5
..476
_77

.5 [8
579
56_

381
3,'_2

383
394

J_;5
5H6
,5_7

3_8

3_9

390

391

_- 7L

3V .5

39h

3?5
5'; 6
5V F
396
3?9

4 '" 0

"bg2
h;::;5

_?_',5

_6
14"37

n.)_;
,Llil
,h-12

-'t£5

416
i,,.t T

CRC

56
+ .SP,
•_ 59

_:;k _.
{;Ai,Ct'
6 ..4

h6b
•t65
'_66
-J67
_68
f69

L.P6
11
t2

_7

_12
+13

*16

• c.J

",-2 i.:3
f.-.,
+22
÷:i:-15
+-?.i_

f25
_2 5

_29

_-4 J

C8LAX_X 132,_ |

STI.. 22

C'P,CW L.8,_2_,5
STL 22

O!NT TCTA!., _,6C_, 5
STL 22
CSCRI!3 UNT 1 ,_-C,2_;,l
STL 22
CP-,EAOY
_'Ii 22

S.TZ TCi'A_

TSX SE!11.;/' _h
G7r Rr-' !
SI{ 22
LATE ,_,IX_H Gg_|_R
AXT t_¢,i
SXA IkA, i
SXA IRB, ]

.SX__, IRC, 1
SXr IR{),1

SXD IRE, !

SXA t RE, !

I SX 8_,.;_, h

TSX Blti!, +-'-
TSX BUC _,U
T SX BUD, i'
Tr- .o X BU[, h

TSX _L'F, h

TSX f: _,1_
L.,:,D P, I

h_SX _LS-- I, .
LXA !P.F,

SX_, IPF, I
1"F'A L r:(,
i XA !RE, _'

SXA !RE, !
SXA ! RE:, I
1RA I.P6

LX,:t [RI]_ ]

SXk I i<l-, l
SX A 1 I_E, 1
SXA IRt}_
T i<A L Pt_
I.XA IRC_ i
TNX _+6 _ t _ l

SXA I i,_E,
SXA I ,II],

TRA L P6
LXA IR[._, !

11108162

PROGUCTS
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418
419
42_
h.21
_22
423

• 424
_425
426
427
428
429
430

I_32
433
434

455

436

437

438

439

440

44]

442

GRO

+32
+53
"_-34
+35
+56
+3I
+38
+39
+40
+4l
+42
+43
+44
+45
+46

+48

+51

+55

+.59

+63
+65
+66
+67

TNX

SXA

SXA

SXA
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